The purity of DNA is one of the major factors affecting the success of Genomic studies. Nucleic acid isolation from polyphenol rich plants fail to produce good quality DNA or RNA as polyphenols adhere and interfere with DNA during isolation. An improvised, simple and inexpensive protocol has been developed for extracting genomic DNA from Mulberry (Morus spp.). The purity of the DNA as revealed by the ratios of absorbance at 260/280 nm (A 260/280) and 260/230 nm (A 260/230) was closer to 2.0. Genomic DNA analyzed for analytical applications like restriction digestion and PCR amplification with molecular markers viz., Inter Simple Sequence Repeats (ISSR), Random Amplified Polymorphic DNA (RAPD) and Simple Sequence Repeat (SSR) primers further confirmed the purity of the DNA. A modified method of silver staining was employed for the resolution of SSR amplified products. Physiologically mature leaf was found more suitable for getting quality DNA in mulberry.
Introduction
Extraction of quality DNA is a major challenge for molecular biologists dealing with tree plants. Many contaminating agents like, higher contents of polyphenolic compounds, resins, latex, and polysaccharides, tannins present in the cell as secondary metabolites usually co precipitate with DNA and interfere with the activity of the DNA polymerase enzyme (Pandey et al., 1996) . Cell lysis process followed by the polyphenols oxidation and co-precipitation causes browning of the DNA (Varma et al., 2007) . Viscous DNA samples have been obtained as a result of the co-precipitation of the gelling polysaccharide making the samples viscous and hamper the proper loading of the samples on the gel for electrophoresis (Diadema et al., 2003) . The procedures for the extraction of plant DNA are modified continuously to get quality DNA (Cheng et al., 1997; Kobayashi et al., 1999; Karakousis and Langridge, 2003; Vijayan, 2004) . Mulberry (Morus spp.) is a perennial tree having high economic value and is the sole food plant for the silkworm, Bombyx mori L. (Lepidoptera). Leaves of mulberry contain large amount of polysaccharides, polyphenols, and many sticky and resinous materials, which are not fully characterized. Mulberry leaf extract contains 44.82% polyphenols (Chan et al., 2009) . Leaves have comparatively high values of phenolic compounds which ranged from 8.33 to 11.79 mmol/100 g of dry weight of leaves in three species of mulberry Morus nigra, Morus alba and Mours laevigata (Memon et al., 2010) . Attempts to extract DNA from leaf samples using many of the existing protocols (Cheng et al., 1997; Kobayashi et al., 1999; Karakousis and Langridge, 2003; Vijayan, 2004) have resulted in isolation of DNA with limited success. In most cases, the DNA extracted has not amplified successfully with Random Amplified Polymorphic DNA (RAPD) and Inter Simple Sequence Repeat (ISSR) primers. Molecular work in mulberry with microsatellite primers (SSR) is very much limited. The setback experienced in Genomic research in mulberry can be attributed to the poor quality DNA. To overcome this problem, commercial DNA extraction kits (Qiagen, Valencia, CA, USA; Amersham Life science, England) are used to extract Polymerase Chain Reaction (PCR) grade DNA from mulberry leaves (Vijayan et al., 2006; Awasthi et al., 2004; Chatterjee et al., 2004) .
However usage of these commercial kits for routine extraction is economically difficult for large-scale genomic applications. In the present study, we report a simple, rapid and efficient method yielding appreciable levels of high quality DNA suitable for molecular studies including restriction digestion and PCR amplifications. PCR was carried out using molecular markers like RAPD, ISSR and SSR primers. A protocol of silver staining the Polyacrylamide Gel Electrophoresis (PAGE) gel for microsatellite analysis in mulberry is also established in the present study.
Materials and Methods Collection of plant material
Five mulberry species namely M. alba, M. rotundiloba, M. serrata, M. laevigata and M. nigra grown in the germplasm of Central Sericultural Germplasm Resources Center (CSGRC), Hosur, Tamil Nadu, India were selected for the study. These plants were propagated through stem cuttings to maintain their genetic identity. Fresh leaf samples were collected from 90-day-old (after pruning) primary branches of these plants.
Isolation of genomic DNA
Protocol: The modified Cetyl Trimethyl Ammonium Bromide (CTAB) method (Doyle and Doyle, 1990) was followed in the present study. Sorvall RC-5C High-speed centrifuge was used for the extraction of the mulberry DNA.
Steps for the extraction of Mulberry DNA 1. 100 mg of the leaf lamina was homogenized in a pre-cooled mortar and pestle, adding approximately 15 ml of liquid nitrogen 2. The leaf powder was transferred to 15 ml Oakridge tube 3. Added 600 µl of preheated (60 Analysis of the genomic DNA The resultant genomic DNA was electrophoresed for qualitative analysis on 0.8%. agarose gel containing ethidium bromide at a final concentration of 0.5 µg/ml. The DNA yield per gram of leaf tissue was measured by using a UV spectrophotometer (Shimadzu, Japan) at 260 nm. DNA purity was determined by calculating the absorbance A 260/280 ratio. Polyphenol contamination was assessed by calculating the absorbance ratio A 260/230. The purity of DNA was further analyzed for its analytical applications like Polymerase chain reaction amplifications and restriction digestion.
PCR amplification of RAPD and ISSR primers
PCR amplification of the DNA with RAPD (Random Amplified Polymorphic DNA) primer was carried out as described by Chatterjee et al. (2004) on an MJ Research Thermal-Cycler, PTC-200 using 20 µl of reaction mixture containing 1 X PCR Buffer (MBI Fermentas) 200 µM each of dGTP, dATP, dCTP and dTTP; 2.0 µM Mgcl 2 ; 100pM primer; 10 ng genomic DNA and 1 U Taq polymerase. The PCR schedule followed was 93°C for 2 min followed by 35 cycles of 93°C for 1 min, 36°C for 1 min, 72° C for 2 min and a final incubation at 72°C for 15 min. The ISSR (Inter Simple Sequence Repeat) amplification was carried out as per Vijayan and Chatterjee (2003) using 20 µl reaction mixture containing 2.0 µl of 10 X PCR buffer (750 mM Tric-HCl pH 8.8; 200 mM (NH 4 ) 2 SO 4 ; 0.1% Tween-20), 0.2 mM dNTP, 2 mM MgCl 2 ; 200nM Primer; 50 ng genomic DNA and 1 U Taq DNA polymerase (MBI Fermentas Inc, Hanover, MD-21076, USA). The PCR schedule included an initial cycle at 94C for 2 min followed by 35 cycles of 94C for 30 s, 50C for 30 s, 72C for 2 min and a final extension of 10 min at 72C. The PCR products were separated in 1.5% agarose gel in 1 X Tris Boric Acid buffer (TBE) containing 0.5 µg/ml Ethidium Bromide as stain.
PCR amplification of microsatellite primers (SSR)
Five pairs of simple sequence repeat primers developed by Aggarwal et al., (2004) were used for the study. The PCR amplification was carried out in 20 µl reaction buffer containg 10 ng template DNA, 1 pmol of each primer, 2 mM of Mgcl 2 , 100 µM of dNTPs, 1 X PCR buffer, 1 U DNA polymerase (Aggarwal et al., 2004) on an M.J Research Thermal-Cycler, PTC-200 (MJ Research Inc. Massachusetts, USA). The PCR schedule included initial denaturation at 94C for 10 min followed by 35 cycles of 94C for 1 min denaturation, primerspecific annealing temperature for 1 min and 72C for 1.5 min extension followed by the final extension step of 72C for 5 min.
Resolution of PCR-SSR amplification
The microsatellite amplicons was resolved in Polyacrylamide gels. The Polyacrylamide gel was prepared in a Pharmacia LKB Macrophor sequencing gel system. The gel casting plates were cleaned thoroughly with liquid soap and water, wiped with double distilled alcohol and allowed to dry. The smaller gel plate (33.3 x 39.4 cm) was treated with Bind Silane containing 20 µl of -methacryloxypropyl-trimethoxysilane (PlusOne Bind Silane, Amersham Pharmacia Biotech) in 1.5 ml of 10% acetic acid and 5ml of double distilled alcohol. The plate was kept for drying for 15 minutes. The larger plate (33.3 x 41.9 cm) was similarly cleaned with liquid soap and water and subsequently dried with alcohol. This plate was treated with 1ml of 2% Dimethyldichlorosilane in octamethyl cyclo-octasilane (Plus One Repel Silane, Amersham Pharmacia Biotech). This plate was also allowed to dry for 15 minutes. After proper drying, the gel plates were assembled using 0.75 mm spacer and clips. 6% polyacrylamide gel was prepared by dissolving 32.5g Urea, 4.25g acrylamide and 0.225g N, N'-methylene bisacrylamide in 75 ml 1X TBE buffer (89 mM Tris-base; 89 mM boric acid; 2 M EDTA). The solution was filtered through Whatman-1 filter paper. Just before casting the gel 600 µl of 10% freshly prepared Ammonium persulfate and 20 µl of Tetramethylethylenediamine (TEMED) were added to the solution. The gel solution was poured into the gel assembly slowly without trapping any air bubbles. The gel was allowed to polymerise for two to four hours. The gel was pre-run at 600 V for one hour at 45 o C before loading the sample. The sample was prepared by mixing three parts of PCR product with one part of loading dye containing 95% Formamide (v/V), 10 mM NaOH, 20 mM EDTA, 0.05% (w/v) Bromophenol blue and 0.05% (w/v) Xylenecyanol. The sample was denatured, by heating at 95ºC for 5 minutes and keeping on ice immediately. About 6 µl of the sample was loaded to the gel and run it at 600 V for five hours at 45 o C. Phage Ø X174 DNA digested with Hinf I (MBI, Fermentas) was used as size marker.
Silver Staining of Polyacrylamide Gel
The staining of the gel was carried out using a modified protocol of Sanguinetti et al. (1994) . Following electrophoresis, the gel bound to the gel plate was fixed in 10% (v/v) Ethanol along with 0.5 ml/100ml acetic acid for 45 minutes. The gel was then quickly treated with 2% citric acid for 90 seconds. The gel was subsequently rinsed twice with double distilled water (ddH 2 O) and transferred to 0.2% (w/v) Silver nitrate solution for 30 minutes with occasional shaking. The gel after a quick rinsing in double distilled H 2 O was transferred to a solution containing 3.0% (w/v) Sodium hydroxide and 7.5 ml/L 37% formaldehyde. After appropriate development of the bands, the gel was transferred to Stop solution containing 1.5% (w/v) EDTA. The gel was photographed under white fluorescent light and data were scored directly from the gel on the basis of presence or absence of markers.
Endonuclease digestion
The suitability of the DNA for hybridizationbased techniques was tested by subjecting 10 µg of genomic DNA with 30 U of EcoRI (Boehringer Mannheim, Germany) in the recommended buffer and incubated at 37ºC for 6 hours. The digestion mixture was subjected to electrophoresis in 1.0% agarose gel and observed under Ultra Violet (UV) transilluminator (Amersham Pharmacia Biotech).
Results and Discussion
The method described here could isolate good amount of high quality DNA, which was evident from spectrophotometric analysis, PCR amplification and endonuclease digestion of the DNA. The spectophotometric analysis at A 260/ 280 gave a ratio ranging from 1.74  0.14 to 1.95  0.03, which indicates very little contamination from proteins, as proteins absorb at A 280 . Likewise the A 260/230 ratio of near 2.0 indicates the absence of contaminants like carbohydrates, peptides and phenolic compounds in the DNA. Electrophoresis on agarose gel further revealed the absence of shearing in the DNA (Figure 1) . The PCR amplification with ISSR, RAPD and SSR primers (Figures 2 to 4) and the complete digestion of the DNA with restriction endonuclease (Figure 5 ) further confirmed the absence of contaminants interfering PCR and restriction endonuclease digestion. It is a known fact that contaminants like polysaccharides and polyphenols are, in general, difficult to be removed from the DNA as they often adsorb and co-precipitate with the DNA (Murray and Thompson, 1980) and interfere with PCR and restriction endonuclease digestion. Polysaccharides also interfere with several biological enzymes such as polymerases, ligases and restriction endonucleases (Shioda and Murakami, 1987; Richards, 1988) . 
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The major modifications in the present study from the standard Cetyl Trimethyl Ammonium Bromide (CTAB) protocol (Doyle and Doyle, 1990) are the addition of polyvinyl pyrrolidone (PVP), L-ascorbic acid, diethyldithocarbamic acid (DIECA), sodium metabisulfite and sodium dodecyl sulfate in the extraction buffer. DIECA is a phenoloxidase inhibitor and it helps reduce brown colouring due to oxidation of polyphenols to quinons. Addition of L-ascorbic acid prevents oxidation of phenolic compounds and adsorption by DNA molecules. Similarly, PVP forms complex compounds by hydrogen bonding with phenolic compounds and co-precipitates along with cell debris thus preventing polyphenols from interacting with DNA. When the extract is centrifuged in the presence of chloroform, the PVP complexes accumulate at the interface between the organic and the aqueous phases (Kim et al., 1997; Barwell et al., 1998) . CTAB is a cationic detergent, which solubilizes membranes and also binds to fructans and other polysaccharides to form complexes that are removed during subsequent chloroform extraction. The time taken for the extraction of DNA is very much less compared to the other protocols and the entire procedure could be completed within 2 hours. This method is a onestep extraction procedure, which includes the RNAase treatment for the removal of RNA. In this study the suitability of physiologically mature leaf (7th-9th leaf from the tip) over young leaf was observed. When samples from very young leaves were used, the DNA yield and quality was very poor. Hence, it is found better to use physiologically mature mulberry leaf for DNA extraction. This finding of low and poor quality of DNA from immature leaves is in complete agreement with the reports of Small et al. (2004) that in certain plants mature leaves are more suitable for DNA extraction. Another point needs mentioning here is the low ratio of A 260/280 observed in M. serrata. It is a known fact that the leaves of M. serrata are much leathery, feathery and thicker than the leaves of other species (Tikader and Dandin, 2001 ). However, the complete digestion of the DNA with restriction endocnuclease enzyme indicates that DNA is devoid of contaminants interfering digestion. Although silver staining was initially used for detection of proteins separated by Polyacrylamide gel electrophoresis (Merril et al., 1981) later its use in detection of nucleic acid on Polyacrylamide gel was realized (Sanguinetti et al., 1994) . Using different modifications to the original protocols Bassam et al. (1991) enhanced the sensitivity of the staining to 1pg/mm² by different modifications such as inclusion of Sodium thiosulphate, pretreatment with Potassium dichromate and nitric acid. Sanguinetti et al. (1994) on the other hand used Sodium hydroxide to establish an alkaline environment for the silver ion to reduce into metallic silver in the presence of formaldehyde. However, all these protocols were developed for native or denaturing gels detached from the gel plates after electrophoresis. Since, in most of the SSR analysis, electrophoresis in long and thin gel is required for better separation of the alleles, separation of the gel from the glass plate is found difficult. In this report, we have developed a method for staining the thin Polyacrylamide gel still attached to the glass plate. In this protocol we have included an additional step of pretreatment of the gel plate with citric acid, which has enhanced the band visibility, by reducing the background staining considerably. Similarly, the use of higher formaldehyde concentration than the one used by Sanguinetti et al. (1994) resulted in darker bands with good contrast. Further, this modified staining protocol for large sequencing gels bound to glass has many advantages like it requires small amount of the sample, a large number of samples could be analyzed in a single run and most of the staining reagents can be reused without loss of quality. 
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Conclusion
The present protocol is suitable for isolating high quality DNA from leaves of tree plants containing higher amounts of polysaccharides, polyphenols, resins and other viscous contaminants. The successful endonuclease digestion and the amplifications of the different molecular markers confirm the purity of the DNA. This protocol is simple, rapid, inexpensive and easily amenable to other species.
